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Abstract
This is the final report of a one-year, Laboratory-Directed Research and Development (LDRD) project at the Los Alamos National Laboratory (LANL). This work undertook the development of technology for the detection of chemical and biological agents. The project consisted of three tasks: (1) modifying a transportable mass spectrometer for the detection of chemical agents; (2) demonstrating the detection of a specific bacterial DNA sequence using a fluorescence-based single-copy gene detector; and (3) upgrading a surface acoustic wave measurement station.
. Background and Research Objectives
Most techniques for the detection of chemical and biological weapons are often problematic due to the time-consuming nature of the procedures involved, and to the lack of adequate sensitivity, which makes detection of these agents difficult. In general, this project addressed these shortcomings by exploring some very preliminary and prototypical tools for the rapid detection of chemical and biological weapons.
. Importance to LANL's Science and Technology Base and National R&D Needs
This project relates directly to the LANL Strategic Goal, "Reducing the Threat of Nuclear, Biological, and Chemical Proliferation and Terrorism." The technology *Principal Investigator, e-mail: hem bergerp h @ lanl.gov investigated in this project could serve as an underpinning for LANL and the DOE to provide new detection technology for other government agencies, such as the DoD and the intelligence community. This project is relevant to the Defense Programs strategic directions in the area of chemical and biological counter-proliferation. Further, longer-term development of these techniques will eventually allow the implementation of compact, field deployable instrumentation for in situ , real-time monitoring of pathogenic agents. This project also addresses LANL's tactical goals by making use of innovative fundamental research in support of the counter-proliferation core competency and also has potential to generate industrial partnerships in the short and long terms.
3.
Scientific Approach and Accomplishments Transportable mass spectrometer. We undertook modifying an existing transportable mass spectrometer for the field detection of chemical warfare (CW) agents. The detection technology is based on the combination of membrane introduction and ion trap mass spectrometry. Our approach was to install a membrane interface on the transportable mass spectrometer; modify this interface for the detection of surrogates of chemical warfare agents; and develop preliminary methods for CW surrogate detection. The deliverable associated with
this task was to demonstrate the instrument for the detection of CW surrogates, either in the laboratory or in a mock field situation. We were successful in modifying an existing transportable mass spectrometer for the field detection of CW agents based on the approach described above. A membrane interface was installed on the transportable mass spectrometer and adapted for the detection of surrogates of chemical warfare agents. The instrument and sampling system are mounted in a 20" x 20" x 36" transportable containment. A small cylinder of helium and a rotary vacuum pump are also required, and mount external to the cabinet.
We developed preliminary methods for CW surrogate detection using this system. The surrogates included chlorobenzene, cyclohexanol, dimethyl methyl phosphonate, and dimethyl sulfoxide. These compounds were detected at approximately 100 parts-per-billion by volume in air, which satisfied our objective to demonstrate the instrument for the detection of CW surrogates.
We investigated the use of both chemical ionization and electron ionization for these compounds and, as suggested by earlier results [ 11, chemical ionization led to an improvement in sensitivity of over 200-fold. However, these measurements were complicated by the low volatility of the target compounds. Considerable "hang-up" of these compounds in the system c was observed. It is uncertain whether the sluggish response was the result of the low volatility or from a chemical interaction of these compounds with the dimethyl silicone membrane used in our system. Such phenomena are currently under intense investigation in our laboratory as well as others Detection of a specific bacterial DNA sequence. Demonstrating the rapid detection of a biological warfare agent by single-copy gene detection was our second objective. Bacillus thuringiensis served as a pathogen surrogate and was used to establish criteria for DNA extraction methods for bacteria and spores and to establish detection limits of the assay. The deliverable for this task was a series of protocols for DNA extraction, sample preparation, and running conditions.
We have developed a technique for the rapid, direct detection of pathogenic DNA w i t h high sensitivity and specificity. The method consists of adding two DNA probes to the sample containing the target DNA. The sample is then analyzed by a laser-based ultrasensitive fluorescence system capable of detecting single molecules at two different wavelengths. If the target is present, the two probes will bind to it, and their signals will appear simultaneously in time and space. Single-copies of a specific DNA sequence from Bacillus anthracis was detected in an excess of unrelated DNA material with a signal-to-noise ratio of 20 in only 400 seconds.
was upgraded to allow more rapid measurement of thin film sensors developed using selfassembly techniques. The upgrade includes the acquisition and installation of a new multiple SAW head measurement device that will permit the simultaneous measurement of three different SAW transducers and a temperature reference. This device will be used to begin measurement of the specificity of current self-assembled thin films to CW agent surrogates.
Surface acoustic wave measurement station. Our SAW measurement station
